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TITLE OF THE INVENTION 



[0001] Louver Assembly 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002] None 
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[0003] None 

REFERENCE TO A MICROFICHE APPENDIX 

[0004] None 
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10 . . BACKGROUND OF THE INVENTION 



[0005] The present invention relates to a louver assembly for allowing air to pass through the 

I. 1 , 

assembly, while reducing the likelihood of drops or mist of water or other liquid passing out of the 
assembly, arid also reducing the light passing through the assembly; More particularly, the louver 
assembly of the present invention is for use in a heat exchanger, such as a direct or indirect counter- 

■ - - . ■■•-i > 

15 flow or cross-flow cooling tower, a spray-filled tower, closed circuit cooler or an evaporative 

condenser, all of which are hereinafter categorically referred to as a "heat exchanger." The louver 

assembly of the present invention allows air to readily enter the heat exchanger, prevents or 

■ "i ' 

significantly reduces the amount of water or other liquid splashing out from the heat exchanger, and 

r - 

reduces the amount of light entering the heat exchanger to. reduce or retard the growth of algae or 

■ - ' ■ ' r . , - 

20 other microorganisms present in a liquid basin within the heat exchanger and whose growth is 
promoted by light. 

* ♦ 

[0006] Many types of louvers are known for many purposes, including decorative purposes 

» i .... ■ . . . 

* ■ i 

where they allow air to enter a building and shield the building from light and rain on the outside, 
for example Louvers are also used with heat exchangers of the aforementioned types and for the 

r , . '- '* 

25 aforementioned purposes. 

[0007J The louver assembly of the present invention provides these functions in a way which 
does not adversely affect the efficiency of the heat exchanger. The efficiency of the heat exchanger 
remains substantially unaffected using the louver assembly of the present invention, even though the 
louver assembly of the present invention causes air to travel through the assembly in two different 

30 vertical planes and one downwardly angled transverse plane. The present invention also provides 



i 



sound dampening. The components are easy to manufacture and are readily assembled Thus, the 
present invention can be made at a reasonable cost 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention relates to a louver assembly for use in a heat exchange apparatus in 
5 an ambient environment, the heat exchange apparatus being associated with a liquid basin, the 
louver assembly having a height and comprising a plurality of generally vertically oriented, non- 
corrugated sheets of material, and a plurality of generally vertically oriented corrugated sheets of 
material having corrugations extending across the corrugated sheet and along the corrugated sheet 
for the entire height of the louver assembly, each non-corrugated sheet of material being retained 
10 adjacent to a corrugated sheet of material; spaces between the corrugations and the non-corrugated 
sheets forming air passageways extending downwardly through the louver assembly from an inlet 
face of the louver assembly adjacent the ambient environment to an outlet face of the louver 

* - 

■ : assembly adjacent an interior of the heat exchange apparatus; the louver assembly having a width 

1 - r 

based on the dimensions of the sheets in a direction along the inlet face and the outlet face of the 
1 5 louver assembly and the number of non-corrugated sheets and corrugated sheets comprising the 
louver assembly; the louver assembly having a depth defined by the distance from the inlet face to 
the outlet face of the louver assembly; the louver assembly having a generally vertical longitudinal 
reference plane extending through a centerline along the louver assembly's width and a generally 
; vertical transverse reference plane extending perpendicular to the longitudinal reference plane; each 

* » 

20 sheet of material having a V-shape in a top plan view of the louver assembly, the V-shape of the 
.i non-corrugated sheets and the corrugated sheets being defined by two acute angles X and Y on one 
. surface of the sheets with respect to the transverse reference plane and resulting in a vertex angle Z 
■: on an opposite surface of the sheets, the vertex angle Z being about 120° to about 140°; the V-shape 

4, 

of the sheets providing each of the corrugations and air passageways with a single inlet portion 
25 extending from the inlet face of the louver assembly to the longitudinal reference plane and a single 
outlet portion extending from the longitudinal reference plane to the outlet face of the louver 
assembly; the angle X being measured with respect to the intersection of the longitudinal and 
transverse reference planes regarding the inlet portion and the angle Y beiiig measured with respect 
to the intersection of the longitudinal and transverse reference planes regarding the outlet portion; 
30 the inlet portion having a downwardly directed angle Al of greater than 0° to about 10° with respect 
to a horizontal reference plane measured from an intersection of the inlet face and the horizontal 
reference plane; the outlet portion having a downwardly directed angle A2 of greater than 0° to 

2 



about 10° with respect to a horizontal reference plane measured from the intersection of the inlet 
face and the horizontal reference plane; and each of the air passageways having a width generally 
parallel to the longitudinal reference plane such that there is a ratio of the depth of the louver 
assembly to the width of each of the air passageways of about 3: 1 to about 6:1. 
5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0009] . The foregoing summary, as well as the following detailed description of preferred- 
embodiments of the invention, will be better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the invention, . there is shown in the drawings 
embodiments which are presently preferred. It should be understood, however, that the invention is 
10 not limited to the precise arrangements and instrumentalities shown. 
[0010] In the drawings: 

[0011] Fig. 1 is a schematic representation of one exemplary embodiment of a heat exchanger 
with which the louver assembly of the present invention may be used; - s - 

[0012] Fig. 2 is an isometric view of one exemplary embodiment of a louver assembly according 
15 to the present invention; 

[0013] Fig. 3 is an enlarged isometric view of a portion of the louver assembly designated as 
"Fig. 3" in Fig. 2; 

[0014] Fig. 4 is an enlarged front elevation view of a portion of the louver assembly designated 
as "Fig. 4" in Fig. 2 when viewed in a direction perpendicular to the front or inlet face of the louver 
.20 assembly; • 

* " * 

[0015] Fig. 5 is a top plan view- of a portion of the embodiment of the louver assembly of Fig. 2, 
taken along the lines 5-5 in Fig. 3; 

[0016] Fig. 5a is an enlarged top plan view of a portion of the louver assembly designated as 
"Fig. 5a" in Fig. 5 

25 [0017] Fig. 6 is a right end elevation view of a portion of the embodiment of the louver assembly 
of the present invention shown in Fig. 2, taken along lines 6-6 of Fig. 3; 
[0018] Fig. 7 is an isometric view of a second exemplary embodiment of a louver assembly 
according to the present invention; and 

[0019] Fig. 8 is an enlarged front elevation view of a portion of the embodiment of the louver 
30 assembly of Fig. 7 as designated by "Fig. 8" in Fig. 7 when viewed in a direction perpendicular to 
the front or inlet face of the louver assembly. 

* 
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DETAILED DESCRIPTION OF THE INVENTION 

[0020] Certain terminology may be used in the following description for convenience only and is 
not limiting. The words "front," "rear," "left," "right," "top" and "bottom" designate directions in 
the drawings to which reference is made, where the louver assemblies are oriented vertically in a 
heat exchanger as shown and described hereinafter with respect to Fig. 1, and as the louver 
assemblies are shown in Figs. 2 and 7. The terminology includes the words specifically mentioned 
above, derivatives of such words and words of similar import. Furthermore, as used herein, the 
article "a" or "an" or a reference to a singular component includes the plural or more than one . 
component, unless specifically and explicitly restricted to the singular or a single component, or 
unless otherwise clear from the context containing the term. 

[0021] The invention will now be described in detail with reference to the drawings, wherein like 
numerals indicate like elements throughout the several views. 
[0022] To help illustrate the environment in which the louver assemblies of the present invention 
are used, Fig. 1 shows one exemplary, non-limiting embodiment of a heat exchanger 10, in the form 
of an induced draft counter-flow cooling tower. This is only one example of a number of different 
types of cooling towers or other heat exchangers with which the louver assemblies of the present 
invention may be used. The heat exchanger 10 is in an ambient environment, where the term 
"ambient," as used herein, means any outdoor or indoor environment, and typically, but not 
exclusively, an outdoor environment, such as on the ground near or on the roof of an industrial, 
commercial or residential building. If desired, a heat exchanger may be located within a building 

■ r 

with appropriate venting or ducting to the environment outside of the building. 
[0023] The heat exchanger 10 includes a frame 12 to which are attached a number of housing 
cover panels 14, some of which have been omitted for clarity of illustration of the internal 
components. At the bottom of the cooling tower is a liquid basin 16, typically but not exclusively a 
water basin, since the typical liquid circulated through the cooling tower is water. The liquid basin 
is typically, as shown, located in the bottom portion of the cooling tower 10 or other heat exchanger, 
but the heat exchanger could be located above a separately formed liquid basin below the heat 
exchanger. In view of the latter arrangement, the present invention will be described as a louver 
assembly for use in a heat exchange apparatus associated with a liquid basin. There is a tendency 
for algae, bacteria and other microorganisms to grow in the water in the basin 16, as well as on other 
structures in the liquid environment within or associated with the cooling tower. One purpose of the 
louver assembly of the present invention is to block ambient sunlight from entering the interior of 



the heat exchanger 10 to minimize or at least reduce the growth of algae, bacteria and other 
microorganisms that may depend upon sunlight to enhance their growth. In an induced draft 
counter-flow cooling tower 10 shown in Fig, 1, a fan (not shown) is located under the fan grille 22. 
The fan is driven by an appropriate motor and associated drive elements (both not shown), typically 

5 located behind an access door 24 in the side of the housing cover panel or panels 14. The fan draws 
air into the cooling tower through a plurality of louver assemblies 26, only two of which are shown 
mounted in appropriate openings 28, typically, but not exclusively, in the lower portion of the 
cooling tower. When the air passes through the louver assemblies 26, it then travels through a 
plurality of air and water contact bodies in the form of wet deck fill 30/ Two layers of wet deck fill 

10 30 are shown in Fig. 1 . In the wet deck fill, water or other liquid that is sprayed from a series of 
spray pipes 32 over the wet deck fill is cooled by evaporative cooling due to contact of the air and 
liquid in the wet deck fill. In this type of cooling tower 10, the water pours over the wet deck fill in 
a direction opposite (namely, counter) to the flow of the air. , As the air and water meet, heat is * ; 
transferred from the higher temp erature of water or other liquid to the lower temperature air through 

1 5 the evaporative cooling process, causing the temperature of the water to decrease and the wet-bulb 

* r 

temperature of the air to increase. Water drains from the wet deck fill into the basin 16 Typically, 
the water or other liquid is recycled from the basin 16 to the spray pipes 32. 
[0024] After the air is mixed with the liquid in the wet deck fill 30, the air tends to entrain some 
of the liquid which is not retained in the wet deck fill or which is not drained into the basin 16. The 

i 

- L 

20 air with the entrained liquid is then drawn upwardly through drift eliminators 34, sometimes called 
mist eliminators, which help separate much of the liquid droplets from the air. After the air passes 
through the drift eliminators 34, the air exits from the cooling tower, typically through the top 
portion of the heat exchanger. 

[0025] The louver assembly 26 of the present invention must allow air to be drawn into the \ 
25 cooling tower 10 or other heat exchanger in a pathway that is as unimpeded as possible to avoid 
additional power requirements for the motor and fan and to retain as much cooling efficiency as 
possible. However, the louver assembly also has to prevent or at least impede and reduce the escape 
, of water or other cooling liquid from exiting the heat exchanger, which occurs when the liquid 
splashes into liquid already contained in the basin 16, or when liquid drains from the wet deck fill 
30 30. This is also referred to as ''splash out," As mentioned above, another function of the louver 

assembly of this invention is to block, restrict or at least reduce the amount of light entering into the 
heat exchanger from the ambient environment. The functions of allowing relatively unimpeded air 

5 



flow through the louver assemblies, on the one hand, and the restricted escape or splashing out of 
liquid out of the louver assemblies, and the reduction of light into the heat exchanger, on the other 
hand, are at odds with each other. The reduction of splash out from the heat exchanger and the 

. reduction of light entering the heat exchanger are typically accomplished by convoluted pathways, 
5 which tend to adversely affect air flow into the heat exchanger through the louver assemblies. This > 
tends to cause a pressure drop increase that adversely affects thermal efficiency and performance of 
the heat exchanger. Moreover, the use of a louver assembly that also helps to reduce or dampen 
sound from the heat exchanger, again typically by providing a convoluted pathway through the 

. louver assembly, is also a benefit in general and is another advantage of the louver assembly of the 
10, present invention. Thus, it is a delicate balance that must be achieved to allow sufficient air passage 
into the heat exchanger through the louver assembly, while restricting the amount of light entering - 

■ -. . 

« 

the heat exchanger and the amount of liquid and sound leaving the heat exchanger The present 
invention has achieved an effective balance by which liquid is retained in the heat exchanger, light is 
largely excluded from the heat exchanger and sound from within the heat exchanger is also baffled 

15 by the louver assembly. - 

[0026] One embodiment of a louver assembly 26 according to the present invention will now be 
described primarily with reference to Figs. 2 through 6. Another embodiment of a louver assembly 
26a of the present invention is illustrated in Figs. 7 and 8. Figs. 5 and 6 apply to both embodiments 
26 and 26a of the present invention. The primary distinction between the louver as sembly 26 and 

20 the louver assembly 26a is best seen by comparing Figs. 4 and 8, showing a different arrangement of 
certain corrugated sheets, as described below. 

[0027] In use, the louver assemblies 26 and 26a are installed in a generally vertical direction 
within the frame 12 or otherwise within at least one wall of a heat exchanger. When the word 
"generally" is used herein with directional words, such as "vertical," "horizontal," "parallel," or 

25 "perpendicular," for example, "generally" means that the component being described with reference 
to the particular direction is preferably but not necessarily in the exact direction, but may have a 
variation from the indicated direction, up to. about 10°. The louver assembly is used in a generally 
vertical direction to provide the appropriate drainage of water or other liquid back into the heat 
exchanger with which it is used or the associated liquid basin, and to provide appropriately oriented 

30 passageways for air to travel through the louver assembly so as not to adversely affect horsepower 
requirements for driving the fan and thermal efficiency. 

6 
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[0028] As indicated in Fig. 2, for clarity in description and explanation, the louver assembly 26 is 
shown as having a height H, a width W and a thickness or depth D, with an end that can be 
arbitrarily designated as the right end at the right-hand side portion of the figure, and with an air 

•■• * l * " T . 1 
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inlet face 36 adjacent the ambient environment illustrated as facing the viewer and that can be 

_ r .* 

5 i : arbitrarily designated as the front of the louver assembly. An air outlet face 37 of the louver 
assembly 26, not visible in Fig. 2, is generally parallel to the air inlet face 36 and is adjacent the 
. interior of the heat exchanger. The air outlet face can be arbitrarily designated as the rear of the 
louver assembly . The height H and the width W of the louver assembly are determined by the 
height and width, respectively, of louver frame assembly openings 28 in the heat exchanger 10. The 
10 dimensions of the louver frame openings 28, and therefore, the louver assemblies 26 fitting within 

. ' ■ . . . . . " ' "V. 

the openings 28, are based on the thermal performance requirements of the heat exchanger with 
which the louver assemblies are used. The width W is measured in a direction along and generally 
parallel to the inlet face 36 and the outlet face 37 of the louver assembly, and is determined by the 
number of non-corrugated sheets and corrugated sheets used to make the louver assembly that are ? 

15 needed to fit within the louver frame openings 28: The depth D, also shown in Figs. 5 and 6 for ease 
in orientation, is the distance between the air inlet face 36 and the air outlet face 37, The height H, 
width W and depth D relationships described above for the louver assembly 26 also apply to the 
other embodiment of the louver assembly 26a, even though Fig. 7 is not labeled with H, W or D. 
Directional arrows 38 in Figs. 2, 5, 6 and 7 are used to generally indicate the direction of air 

20 approaching and flowing through the louver assemblies 26 and 26a in a direction generally 
perpendicular to the air inlet face 36 of the louver assemblies 26 and 26a. 

[0029] a. The louver assemblies 26 and 26a comprise a plurality of generally vertically oriented, 
non-corrugated sheets 40 of material and a plurality of generally vertically oriented corrugated 
sheets 42 of material. Each non-corrugated sheet 40 should be retained against a corrugated sheet 
25 42. However, as illustrated in Figs. 2 and 3, if desired, one end, say the right end, need not end with 
a non-corrugated sheet 40. Similarly, the opposite end, say the left end, need not end with a 
corrugated sheet 42. Otherwise, the non-corrugated sheets 40 alternate with adjacent corrugated 

* 

sheets 42 throughout the louver assembly 26 or 26a. It is preferred that the non-corrugated sheets 40 
and the corrugated sheets 42 be attached to each other, such as by adhesive or other type of chemical 
30 or fusion bond, as explained below, or by a mechanical fastening associated with both types of 
sheets, such as mechanically interlocked portions. However, the sheets need only be retained 
against each other in a sufficiently tight manner so as not to flutter or otherwise adversely affect the 



air flowing though the louver assembly when the heat exchanger with which it is used is in 
operation. This may be done by mechanically strapping the sheets together, by placing them within 
a separate frame before inserting them in the framework openings 28, or even tightly packing 1 the 
sheets within the openings 28 in a manual operation in the field. 
5 i [0030] Each of the corrugated sheets 42 has a plurality of corrugations 44, with each corrugation 
44 comprising a peak 46 or a valley 48 connected by corrugation walls 50 as best seen in Figs. 3, 4 
, 5 : and 8. Of course, whether a corrugation is designated a peak or a valley depends upon a viewer's : 

orientation. As used herein, a peak 46 extends towards the right end of the louver assembly 26 or \- 

j - - r 

26a as shown in the orientation of Figs. 2 and 7, and a valley 48 extends towards the left end of the ' 

* 

10 louver assembly 26 or 26a as shown in the orientation of Figs. 2 and 7. 

[0031] Fig. 5, a top plan view of a portion of the louver assembly 26 taken along lines 5-5 of Fig. 
3, whiqh would be the same for the embodiment of the louver assembly 26a, and Fig. 5a, an ; 
enlarged view designated "Fig. 5 a" in Fig. 5, best illustrate one exemplary type of adhesive bonding 
of the non-corrugated sheets 40 and corrugated sheets 42. The exemplary embodiment of the 

15 bonding in Figs. 5 and 5a shows the use of an adhesive 52 between the non-corrugated sheets 40 and 
peaks 46 and valleys 48 of adjacent corrugated sheets 42. , • 

[0032] Each corrugation 44 includes a single inlet portion 54 extending from the inlet face 36 of 
the louver assembly 26 or 26a to a vertical longitudinal reference plane 60 described below, and a 
single outlet portion 56 extending from the vertical longitudinal reference plane 60 to the outlet face 

20 37 of the louver assembly 26 or 26a. No lips, extensions or flanges at different angles are unitarily a 
part of or attached to the inlet portion 54 or the outlet portion 56. These would tend to adversely 
affect air flow through the louver assemblies. An air passageway 58 in the space between each 
corrugation 44 of the corrugated sheet 42 and the facing surface of the non-corrugated sheet 40 
extending from the inlet face 36 to the outlet face 37 of the louver assembly 26 or 26a is formed : 

25 only by the inlet portion 54 and the outlet portion 56, without any additional intermediate portion. 
The air passageways 58 have a width P as best shown in Figs. 4, 5 and 8 in a direction 
corresponding to the width W of the louver assembly 26 or 26a. The air passageways 58 do not and 
should not contain any obstructions, such as lips, flanges, extensions, troughs or traps, that may be 
used to capture water or other liquid and prevent it from passing through the louver assemblies 26 or 

30 26a from the outlet face 37 to the inlet face 36 of the louver assemblies. These obstructions, while 
potentially helpful in reducing splash out, also tend to adversely affect air flow through the louver 
assemblies 26 or 26a from the inlet face 36 to the outlet face 37 of the louver assemblies. 

8 



[0033] A vertical longitudinal reference plane 60, extending vertically and longitudinally through 

the center of the louver assembly 26, through vertices 62 of the angled sheets 40 and 42, 

< 

substantially parallel to both the inlet face 36 and the outlet face 37 of the louver assembly 26, is 
shown in Figs. 5 and 6, only for purposes of reference and clarity of explanation. A vertical 
5 transverse reference plane 64, perpendicular to the longitudinal reference plane 60, is also shown in 
Fig. 5, again only for purposes of reference and clarity of explanation. A horizontal reference plane 
66 is shown in Fig. 6, a partial right end elevation view of the louver assembly 26 taken along lines 
6-6 of Fig. 3. As with the reference planes 60 and 64, the horizontal reference plane 66 is only for 
the purposes of reference and clarity of explanation. By way of example, the width P of the air 
10 passageways 58 is measured in a direction generally parallel to the longitudinal reference plane 60. 
Additionally, the longitudinal reference plane 60 is the dividing plane between the inlet portion 54 
and the outlet portion 56 of the corrugations 44 and the air passageways 58. 

[0034] As best seen in Figs 2, 3, 5 and 7, the non-corrugated sheets 40 and the corrugated sheets 
. 42 have a V-shape in a top plan view of the louver assembly. The V-shape is defined by two acute 

15 angles X and Y on one surface of the sheets with respect to the transverse reference plane 64. This 
results in a vertex angle Z on an opposite surface of the sheets with respect to the vertex 62. The 
angle X is measured with respect to the intersection of the longitudinal reference plane 60 and the 
transverse reference plane 64 regarding the inlet portion 54 of the corrugation 44 and the associated 
« air passageway 58. The angle Y is measured with respect to the intersection of the longitudinal 

20 reference plane 60 and the transverse reference plane 64 regarding the outlet portion 56 of the 
corrugation 44 and the associated air passageway 58. The vertex angle Z is about 120° to about 
140°, regardless of whether angles X and Y are substantially equal to each other or not, with each of 
angles X and Y independently being about 20° to about 30° with respect to the transverse plane 64. , 
As used herein with respect to any numerical value, the term "about" means the value indicated plus 

25 or minus 10% of the value. Preferably, the vertex angle Z is about 130°, again whether or not angles 
X and Y are substantially equal to each other. More preferably, each of angles X and Y is 
preferably about 25°. When angles X and Y are not substantially equal to each other, it is preferred 
that the angle X be greater than the angle Y within the range indicated above- since this relationship 
is believed to provide for a better air flow through the louver assembly with less pressure drop, and 

30 thus a better thermal performance. 

[0035] The inlet portion 54 of the corrugations 44 and air passageways 58 has a depth from the 
inlet face 36 to the longitudinal reference plane 60, and the outlet portion 56 has a depth from the 

9 



longitudinal reference plane 60 to the outlet face 37. As shown in the drawings, and particularly in 
Figs. 5 and 6, in a preferred embodiment of the louver assembly of the present invention, the depth 
of the inlet portion 54 is about equal to the depth of the outlet portion 56. However, if desired, the 
depth of the inlet portion 54 may be greater than or less than the depth of the outlet portion 56 
5 When determining the relative depths of the inlet portion 54 and the outlet portion 56, consideration 
should be given to maintaining a blocked line of sight to prevent or minimize light traveling through 
the louver assembly into the heat exchanger, the effect on splash out of water or other liquid from 
' the basin 1 6 out through the louver assembly, the effect on sound reduction, and the effect on air 
flow through the louver assembly into the heat exchanger with the resulting effect on power 

10 requirements and thermal efficiency. These effects can be determined readily and empirically by a 
person skilled in this technology in view of the present disclosure, without undue experimentation. 
[0036] With reference to Fig 6, the corrugations 44 are shown to be angled downwardly from 
the inlet face 36 to the outlet face 37 of the louver assembly 26 or 26a with respect to the horizontal 
reference plane 66. The downward angle is based on a downward angle Al of the inlet portion 54 

1 5 and a downward angle A2 of the outlet portion 56. Thus, the inlet portion 54 slopes downwardly at 
the angle Al from the inlet face 36 to the longitudinal reference plane 60, and the outlet portion 56 
slopes downwardly at the angle A2 from the longitudinal reference plane 60 to the outlet face 37 of 
the louver assembly 26. Both downwardly directed angles Al and A2 are measured along a 
transverse axis or axes 68 of the corrugations 44 from an intersection of the inlet face 36 and the 

20 horizontal reference plane 66. 

[0037] Each of downward angles Al and A2 independently may be any angle greater than 0° to 
about 10° with respect to the horizontal reference plane measured from the intersection of the inlet 
face and the horizontal reference plane. Preferably, each of the downward angles A 1 and A2 
independently is about 5° to about 10°, and more preferably, about 10°. The downward angle 

25 allows water or other liquid that may splash from a basin, such as basin 16 of the heat exchanger 10, 
to drain back into the basin. A downward angle of up to about 10° is also beneficial in reducing the 
amount of sunlight in a direct line from the sun, except perhaps during sunrise and sunset, from 
penetrating far into the air passageways 58 of the louver assembly. The relatively small downward 
angle is also important in that it tends not to significantly impede the air flow from the direction 38 

i 1 

3 0 through the louver assembly. This helps maintain the thermal efficiency of the heat exchanger using 
the louver assemblies of the present invention. ' ■. 
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[0038] As shown in Fig: 6, the angles Al and A2 are about equal to each other, such that the 
angles Al and A2 meld together and form one continuous downward angle. This is an example of a 
preferred embodiment, where the air flow through the air passageways 58 is least impeded, as the 
air passageways are the least convoluted. The countervailing consideration is that the line of sight 
5 and pathway for drops or mist of water or other liquid also are straighter, resulting in a potentially 
easier pathway into and out of the heat exchanger respectively, for light outside of the heat 
exchanger and liquid inside the heat exchanger. If desired, the downward angle Al may be greater 
than or less than the downward angle A2, which would result in the corrugations 44 having a 
compound downward angle. This provides a more convoluted pathway beneficial for preventing or 
10 reducing light, sound and drops or mist of water or other liquid traveling through the air passageway 
58, but also provides a more convoluted pathway for air entering the heat exchanger through the 

k - * 

louver assemblies that may increase the power requirements and decrease the thermal efficiency of 
the heat exchanger. A balance is needed and can be determined readily by a person skilled in this 
technology on an empirical basis without undue experimentation, in view of the present disclosure. 

1 5 [0039] Each of the corrugations 44, comprising a peak 46 or a valley 48, may have any desired 
vertical cross-section shape. The presently preferred shape is. a trapezoid where the peak 46 or the 
valley 48 is fairly tall between the adjoining corrugation walls 50. Using tall peaks and valleys 
allows the ready application of sufficient adhesive, solvent, etc., to have a firm attachment of the 
corrugated sheets 42 to the non-corrugated sheets 40, where such chemical bonding is chosen to 

20 retain the sheets against each other. Although a trapezoidal vertical cross-section is preferred for the 
corrugations 40, the corrugations could have any other desired shape, based on the application and 
thermal performance requirements of a louver assembly for a particular type of heat exchanger and a 
particular application. Appropriate shapes include a triangular vertical cross-section, a curved or 
sinusoidal vertical cross-section, or a rectangular vertical cross-section, for example, and not by way 

25 of limitation The shape and size of the vertical cross-section for the corrugations 44, and therefore, 
also the shape and size of the air passageways 58, may be determined readily by a person ordinarily 
skilled in this technology, in view of the present disclosure. As will be apparent hereinafter, it is 
important to maintain the proper relationship between the width P of the air passageway and the 
depth D of the louver assembly, to the downward angles Al and A2, and to the vertex angle Z. 

30 [0040] The performance of the heat exchanger with which the louver assemblies of the present 

* 

invention are used is significantly affected by the relationship, dimensions and angles of the 
components of the louver assemblies. In addition, these aspects are important in blocking light 

ii 



entering into the heat exchanger and reducing the sound and amount of water or other liquid 
escaping from the heat exchanger. Thus, for example, to maintain a closed line of sight through the 
air passageways 58 of the louver assemblies, the vertex angle Z should be 120° to 140°, and 
preferably, 130°; To reduce the line of sight and, therefore, the amount of light passing through the 
5 louver assemblies, to decrease the likelihood that water or other liquid will escape through the 
louver to the ambient environment, and to best dampen the sound leaving the heat exchanger, it is 
; preferred to have the smallest possible vertex angle Z However, the light and sound reduction and 
splash-out benefits of such a small angle for the vertex angle Z must be balanced against adverse air 
flow considerations, resulting in a greater pressure drop and reduced thermal efficiency of the heat 

10 exchanger with which the louver assemblies are used, when there is a small vertex angle Z. The 

lowest pressure drop and greatest thermal efficiency occurs using the largest possible vertex angle Z. 
Thus, a delicate balance is necessary: " . 

[0041] Light and sound reduction, splash-out and pressure drop are also affected by the depth D 
of the louver assemblies, with greater depths being favored for purposes of light and sound reduction 

15. . and splash-out reduction. The relative depth of the inlet portion 54 to the outlet portion 56 is also a 
consideration, as discussed above. These must be balanced against the increased pressure drop and 

> . 

lower thermal efficiency, as well as increased material costs and shipping costs associated with 
louver assemblies of greater depth. The depth D of the louver assemblies 26 and 26a of the present 
invention should be about 1.75 inches (4.4 cm) to about 8.25 inches (21.0 cm). Preferably, the depth 
20 D of the louver assembly is about 2.8 inches (7.1 cm) to about 3.6 inches (9.1 cm). More preferably, 
the depth D of the louver assembly is about 3.2 inches (8.1 cm). If the vertex angle Z is at a greater 
extent of its range, then the depth D of the louver assembly also should be at the greater extent of its 
. range, so as to maintain a blocked line of sight though the air passageways 58 and through the 

* ■ 

louver assemblies 26 or 26a. ' \ 

25 [0042] The width P of the air passageways 5 8 is also an important factor with respect to the 
functions of light and sound reduction, splash-out and pressure drop with the associated effect on 

i . ■ ~ 

thermal efficiency with respect to the use of the louver assemblies 26 and 26a of the present 
invention. In addition, louver assemblies with air passageways 58 having a greater width P have 
increased material and shipping costs compared with those where the width P is not as great. As 
30 . with the other parameters discussed above, there is a tradeoff in effectiveness with respect to the 
light reduction and splashrout reduction on the one hand, and the pressure drop and associated 
decrease in thermal efficiency, on the other hand, concerning the width P of the air passageways 58. 
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The line of sight is reduced the most, and therefore, the light reduction is the most, and also, the 
sound and the splash-out of liquid from the basin of the heat exchanger is reduced the most when the 
width P of the air passageways 58 is the least. However, in this instance, the pressure drop and 
thermal efficiency are also more adversely affected. Conversely, the air pressure drop is minimized 
5 and the thermal efficiency is enhanced most when the width P of the air passageways 58 is the 

greatest, but this tends to adversely affect light and sound reduction and splash-out reduction. Thus, 
again, a balance is necessary. The width P of an air passageway 58 should be about 0.5 inch (13 
cm) to about 15 inches (3.8 cm), preferably about 0.65 inch (1.7 cm) to about 1.0 inch (2.5 cm), and 

** * * » - • ■ a 1 ♦ 

I ■ V 

more preferably about 0.75 inch (1 .9 cm). ! 

- i ■ - ■ 

1 0 [0043] The inventors have determined that the parameters of louver depth D to the air 
passageway width P should be in a ratio of about 3 : 1 to about 6:1 to best balance the desired 
performance characteristics of good light and sound reduction, splash-out reduction and acceptable 
pressure drop through the louver assemblies 26 and 26a of the present invention, together with a 
vertex angle Z of about 120° to about 140°. Preferably, the ratio of the depth D of the louver ; 

15 assembly to the width P of the air passageway 58 is about 3.5:1 to about 5.5:1, and more preferably, 
the ratio of the depth D of the louver assembly to the width P of the air passageway is about 4.3 : 1 1 
[0044] Taking into account the appropriate balance of all of the parameters mentioned above, a 
preferred louver assembly has a vertex angle of 120° to about 140°, an angle X of about 20° to about 
30°, an angle Y of about 20° to about 30°, with the angle X substantially equal to or greater than the 

20 angle Y, and further, each of angles Al and A2 independently of about 5° to about 10°, a depth D of 
the louver assembly of about 1.75 inches (4.4 cm) to about 8.25 inches (21.0 cm), a width P of an air 
passageway of about 0.5 inch (1.3 cm) to about 1.5 inches (3 :8 cm), and a ratio of the depth D of the 
louver assembly to the width P of an air passageway of about 3:1 to about 6:1. 
[0045] A more preferred louver assembly according to the present invention has a vertex angle Z 

25 of about 120° to about 140°, substantially equal angles X and Y of about 20° to about 30°, angles 
Al and A2 independently, and preferably equally, of about 5° to about 10°, a depth D of the louver 
assembly of about 2.8 inches (7.1 em) to about 3.6 inches (9. 1 cm), an air passageway width P of 
about 0.65 inch (1.7 cm) to about 1.0 inch (2.5 cm) and a ratio of the depth D of the louver assembly 
to the width P of the air passageway: of about 3.5:1 to about 5.5:1. 

30 [0046] An even more preferred louver assembly 26 or 26a of the present invention has a vertex 

■ ' r 

angle Z of about 130°, angles X and Y each about 25°, angles Al and A2 equally of about 10°, a 
louver assembly depth D of about 3.2 inches (8. 1 cm), with the inlet portion 54 and the outlet 
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portion 56 being about equal in depth, an air passageway width P of about 0.75 inch (1.9 cm) and a 
ratio of the depth D of the louver assembly to the width P of the air passageway of about 4.3: 1. 
[0047] One preferred embodiment of the present invention has a corrugated sheet 42 having 
corrugations 44 with a trapezoidal vertical cross-section best illustrated in Figs. 4 and 8. Presently 

; 5 preferred exemplary, but non-limiting, dimensions for the vertical cross-section lof the trapezoidal ; 
corrugations are where the peaks 46 and valleys 48 each have a height of about 0.66 inch (1.7 cm)j 
the corrugations walls have a width of about 0.87 inch (2.2 cm), a base (distance between the 
beginning of a peak or a valley) has a dimension of about 1.53 inches (3.9 cm), and wall angles are 
about 60? with respect to the base. * 

10 [0048] As illustrated in Fig. 4, the louver assembly 26 may have the corrugated sheets 42 aligned 

in a pattern compared to the next adjacent corrugated sheet 42 such that the corrugations 44 are 180° 

■ . - ■ . •. - 

put of phase. In other words, the peaks 46 of one corrugated sheet 42 are aligned directly oppositely 

■ > - • » 

the valleys of an adjacent corrugated sheet 42, both corrugated sheets being attached to opposite 

■ » 1 ■ * ~ i 1 * t ' 

i ■ - . ■ 

t ■ * 

sides of a non-corrugated sheet 40. This alignment provides a very strong honeycomb-shaped 

15 structure when viewed from the side as illustrated in Fig. 4; 

[0049] Figs: 7 and 8 illustrate an alternative alignment of the corrugated sheets with respect to 
each other in the illustrated embodiment of the louver assembly 26a. In the arrangement used in the 
louver assembly 26a, the peaks 46 of adjacent corrugated sheets 42 that are bonded or otherwise 
attached on opposite sides of the non-corrugated sheets 40 are all in alignment with each other. 

20 Correspondingly in this embodiment, the valleys 48 of the corrugated sheets 42 are aligned with 
each other, as well. This arrangement may be viewed as one in which the corrugations 44 are in 
phase with each other. • 

[0050] The non-corrugated sheets 40 and the corrugated sheets 42 may be made from the same or 
different materials, and may be selected from a variety of materials, for example, thermoplastic * 

25 synthetic polymers, such as polyvinylchloride, polystyrene, acrylonitrile-butadiene-styrene, 

polypropylene, etc.; metals such as galvanized or stainless steel, aluminum;, copper or the like; ^ 
materials such as cellulose; or alloys of thermoplastic materials, such as alloys of polyvinylchloride 
with other thermoplastic materials; composite materials such as fibrous cellulosic stock impregnated 
with a thermoplastic resin or the like. 

30 [0051] Examples of other synthetic polymers and engineering resins which may be used include 

I - 

acetals, nylons, polyphenylene oxides, polycarbonates, polyether sulfones, polyaryl sulfones, 
polyethylene terephthalates, polyetherketones, polypropylenes, polysilicones, polyphenylene 
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sulfides, polyionomers, polyepoxies, polyvinylidene halides, and the like. As will be recognized by 
those skilled in the art, in view of the present disclosure, the choice of a particular material is 
dictated by the application conditions. The presently preferred type of material is a synthetic 
polymer, and specifically, polyvinylchloride. 
5 [0052] The sheets 40 and 42 may be manufactured by any conventional technique that is ■ * 

appropriate for the material selected. For example, when the sheets are to be manufactured from flat 
stock material of a thermoplastic synthetic polymer such as unplasticized polyvinylchloride, the \ 
individual louver assembly sheets may be thermally formed by a process such as thermoforming, 
pressure forming, vacuum forming, molding, hot stamping, or the like. For efficiency of 
10 manufacturing, two or more of each of the sheets corresponding to sheets unitarily formed for later 
: separation into sheets or assemblies of appropriate depth and height, may be made at the same time. 

■ 

The large, multi-unit sheets may then be cut to form sheets of appropriate dimensions to be formed : 
into the louver assemblies. It is more efficient if such multi-unit sheets are assembled into multi- 
unit louver assemblies, such as by chemically bonding or mechanically retaining the non-corrugated 
1 5 sheets 40 and the corrugated sheets 42 in the alternating adj acent arrangement explained above in 
sufficient numbers to fill the width of the louver assembly framework openings 28, and then cutting 
the multi-unit louver assemblies of any given depth and any given height to fit the openings 28, for 
example with a band saw, table saw or the like. 

[0053] Where the louver assemblies are formed by retaining the sheets 40 and 42 adjacent and 
20 against each other by techniques other than by mechanical fastening, retaining them within a frame, 
strapping, or the like, attachment by bonding the non-corrugated sheets 40 to the corrugated sheets 
42 may be accomplished by any number of different types of bonds, including solvent bonds, 
adhesive bonds and fusion bonds, all of the above being preferred when the sheets are made of 
synthetic polymers Appropriate solvents and adhesives are well known to those skilled in the art in 
25 view of the present disclosure, based upon the type of material used to make the sheets. Fusion 

bonds may be accomplished by direct application of heat using appropriately shap ed heated platens, 
or indirectly by ultrasonic bonding or radio frequency bonding. If the sheets are made of metal, 
adhesive bonding or welding, at least along some or most, and preferably all, of the peaks 46 and 
valleys 48 to join the corrugated sheets 42 to the non-corrugated sheets 40, can bond the sheets 
30 together in an effective manner. 
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[0054] Any number of sheets can be assembled together to form louver assemblies according to 
the present invention. The dimensions of the individual sheets can be varied depending upon the 
application of the louver assembly and any particular setting within the parameters disclosed herein. ; - 
[0055] Examples v - , 

5 [0056] Tests were performed on a prototype of the embodiment of the louver assembly 26a best 
shown in Figs. 7 and 8, where the configuration of the corrugations 44 is such that the peaks 46 of 
adjacent corrugated sheets 42 are in alignment with each other and the valleys 48 of adjacent 
corrugated sheets 42 are also in alignment with each other; thus, the peaks are in phase with each 
other and the valleys are in phase with each other. The louver assembly 26a was tested in an 
1 0 induced draft counter-flow cooling tower of a type generally illustrated in Fig. 1 . 

- - - ' . ' 1 

[0057] Also tested in the same cooling tower for comparison purposes was a conventional louver 
assembly comprising a plurality of interposed flat and corrugated sheets bonded to each other; In a 
top plan view, there is no V-shape, but rather, the non-corrugated sheets extend substantially across 
the depth of the louver assembly, from the inlet side to the outlet side. The conventional louver has 

« - . • 

15 • a depth of about 2. 5 inch (6.35 cm). The corrugations of the corrugated sheets form air passageways 
and have a short (about 0.5 inch (1.3 cm)), substantially horizontal inlet portion, an intermediate 
portion angled downwardly about 45° from the inlet section, and a short, substantially horizontal 
outlet portion extending from the bottom of the intermediate portion for about 0.5 inch (1 .3 cm). 
The corrugations are trapezoidal, with each of the peaks and valleys of the inlet and outlet portions : 

20 having a height of about 0.6 inch (1.5 cm), a base of about 1 . 1 inches (2.8 cm), with corrugation 

walls having a width of about 1 inch (2.5 cm) and base angles of the corrugation walls of about 77°. 
The corrugations form air passageways having a width (corresponding to the width P of the air 
passageways 58 of the present invention) of about 1 inch (2.5 cm). The intermediate portion of the 
corrugations have a cross-section that is shorter in height than those of the inlet sections arid outlet 

25 sections, and have a trapezoidal cross-sectional shape with peaks and valleys of about 0.5 inch (1.3 
cm), a base of about 0.8 inch (2.0 cm), base angles of about 77°, and a width of about 1 inch (2.5 
cm). Based on the dimensions and angles of the conventional louver assembly set forth above, the 
ratio of the depth of the conventional louver assembly to the width of the air passageways is about 
2.5. There is an open line of sight directly through the conventional louver, when looking through •• 

30 the conventional louver assembly at a downward angle of about 45°. This is in contrast to a blocked > 
line of sight when trying to look through the louver assembly of the present invention at any angle. 
[0058] Example 1 
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[0059] The first test conducted was a visual comparison of the splash-out between the louver 
assembly of the present invention and the conventional louver assembly. Brown paper was laid on 
the ground around multiple sides of a cooling tower. Water was recirculated through the tower 
without the fan operating, which enables the highest splash-out rates, since the water does not have 
5 to travel through the resistance provided by air coming into the cooling tower through the louver 
assemblies. First, conventional louver assemblies were tested, and then the conventional louvers 
were replaced with louvers of the present invention and all test parameters were repeated in the same 
manner. Water that splashed out of the cooling tower was clearly visible on the brown paper with a 

* r ... 

high contrast. Photographs were taken to make a visual record of the splash-out resulting from the 
1 0 use of the louver assemblies of the present invention compared to conventional louver assemblies. 
Based oh the splash-out of the water on the brown paper, the use of louver assemblies of the present 
invention resulted in a drastic reduction in splash-out of water from the cooling tower basin. 
[0060] Example 2 

[0061] Experiments were performed to determine thermal capacity, energy consumption and 

15 pressure drop. In each test, ambient pressure was measured outside of the heat exchanger, and 
pressures were measured below the level of the wet deck fill 30 after the air enters through the 
louver assemblies, and above the drift eliminators 34. The pressure drop through the louver 
assemblies was evaluated using the difference in pressures recorded below the wet deck fill using 
the conventional louver assemblies and the louver assemblies of this invention. The pressure below 

20 the wet deck fill using the louver assemblies of this invention was greater than the pressure below 
the wet deck fill using the conventional louver assemblies This would lead one to believe that the 
pressure measurement above the drift eliminators would also be greater for the louver assemblies of 
this invention than conventional louver assemblies. However, this was not the case, as the pressure 
measurements above the drift eliminators were essentially the same using the louver assemblies of 

25 this invention and the conventional louver assemblies. This indicates that the same amount of air, 
rather than a less amount of air, is being moved with the same amount of power with the louver 
assemblies of this invention. This in turn, indicates no lessening of overall cooling tower thermal 
capacity, which would have been expected in view of the greater pressure below the wet deck fill 
using the louver assemblies of this invention. The use of the louver assemblies of the present 

30 invention thereby produced a surprising result, in that there was no measurable loss in thermal 

efficiency. Thus, the use of the louver assemblies of the present invention had an unexpected effect 
of apparently straightening and balancing or otherwise more efficiently directing the air flow into 
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the cooling tower, resulting in lower air flow turning losses in the region of the basin and better 
utilization of air flow in the zone of the cooling tower where water from the spray pipes mixes with 
the air passing through the cooling tower. This resulted in a surprising net equal overall energy 
efficiency. 

5 [0062] : The use of the louvers of the present invention provided another surprising result by 

reducing the sound emanating from the water splashing in the cooling tower water basin. Compared 
to the conventional louver assemblies, use of the louver assemblies 26a of the present invention 
•• reduced the sound 1 to 2 dbA in higher frequency bands, effectively reducing the overall sound 
• ' levels. ;> • v • Y: 

10 [0063] r The louver assembl ies 26a of the present invention thus demonstrated a significant 
improvement over the conventional louver assemblies by providing better splash-out reduction, 
better light reduction, and better sound reduction, without adversely affecting energy consumption, 
material consumption and product manufacturing costs. 

[0064] It will be appreciated by those skilled in the art that changes could be made to the 
15 embodiments described above without departing from the broad inventive concept thereof. It is 

understood, therefore, that this invention is not limited to the particular embodiments disclosed, but 
it is intended to cover modifications within the spirit and scope of the present invention as defined 
by the appended claims. 
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